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PMSM Drive System for Rolling Stock Contributing to Improvement of

Energy-Saving and Environmental Performance
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Toshiba has been developing permanent magnet synchronous motor (PMSM) drive systems aimed at realizing rolling stock drive systems with

higher energy-saving and environmental performance.

In the field of inverters, we have developed a 4-in-1 traction inverter for PMSMs with higher reliability, as well as smaller size and lighter weight
comparable to those of conventional drive systems for induction motors. To enhance energy conservation, we have now developed an advanced inverter
incorporating both a low-loss silicon carbide (SiC) device and a highly efficient control method. We have conducted verification tests and confirmed that
the newly developed inverter achieves reductions in power consumption and losses compared with conventional inverters using Si devices.
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Power module for 4-in-1 traction inverter
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4-in-1 traction inverter incorporating two inverter units
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Comparison of size and weight of conventional and 4-in-1 PMSM traction
inverters
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Main circuit of 4-in-1 traction inverter incorporating two inverter units
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Configuration of main circuit without potential transformer
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Results of restart test in coasting condition without potential transformer
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Variable probability control (VPC) distribution method to suppress electro-
magnetic noise
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Results of electromagnetic noise measuring test

30

RZ L Ea1—Vol.69 No4d (2014)



130 - RIS

125 |-

120 |-

115 |-

sk

110 |-

ANETR (A)

£ 4
BB/ T OMHE

100 |-

BRENIE ‘
95
115 125 135 145 155
it )

R10. FEICKBHREANEROEN — k&3 HELEN T2
L, ANJEGE AT, #hEE N ETE S,

Relationship between efficiency and input current based on control to minimize
iron and copper losses of motor
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Improvement of regenerative brake performance
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Results of calculation of unit power consumption rate

E g DATIREAT B4 R B AT AR
(kWh/(Car-km)) | (kWh/(Car-km)) | (kWh/(Car-km))
IMRSATZRTL 241 0.89 1.562
PMSM RS54 T RAF L 2.09 1.29 0.80

3.2 FELZPEIXMEZERIRTZSICAU/N—L%KE

Wb A N—=FEEOREMFAE L7202, HERKDSI
Vay) # w2 IGBT iy — AR —=F T VR
%) 26 SiC &AW ARIEINA 7)) v FIGBT IZiE X 2 72
SiCA vN—Fa=v RS L72,

RERFM IR SN ZZPMSM F 94 7 A 23— & 3
2, SICA ==y ra#HAL, SiT/4AIZL%PMSM
FIATRA N—F EEEHE B RO K ZIT>72, 22
T, B O EIRFE R 1L D S Bl E TohEERED,
MZ RPN ERERE LTV D,

HEBIEICH TR RIITR T, 2R E
T35 OMLEIIEEFTML72AEHE, N7 v FSICTN
AR X BRIETAL L, FR# L7 i s A s dil s o &) R A2

31




TAINEAY T Y ERE (500 V/div.)

ZR4REJE (500 V/div.) :%\WWMMWMMMW\ MWW\-V‘—\.

st

T N e L e am
1 1

SICA > N—%&%BAFHEF (500 A/div.) “‘—'m'-_—l-w'--.w--a-w'w-\---'-a.—'f"— f— e

SiA Y N—REBANTEH (500 A/div.) “Hhedmmin

SICA >IN — R 3B U AR BT HEETIISE (2,000 A/div.) Mobesmsie Wt bbb~ e B B B e D= B B B = BB I B = D -
SiA > N—52%E 38 UIBEEBHIRETRIEFE (2,000 A/div.) HHH—H—HHW&—*WWW

SIC A N—55iE 3B ETEMBREITIE (1,000 A/div.) Wit TVl

SiA > N—SKE 3BT BENEMEATIE (1,000 A/div.) Mmoot SIS

P P i SALRES

SICAVN—&FRBEWIEY —IZALEE (20 °C/div.)l

SiA Y N—E%BWIHY—IZALEE (20 CT/div.) —
SR (20 ‘C/div.) | E

A b —dy i

b e e
| 31 S Y A 1

T ...l.. Nl Etd A d Rk aALE &}

SIAUN—8RBEURY —IAZEE
SiAYN—BFREVHEY —IAKEE
SiAUN—EKRBWHRY —IZALRE <

SICAVN—ZKEBVIBY—IA

S N—5%8 ViEY —SRAEE (20 C/div) S
SiICAN\—2&KEB UMY —IALEE (20 ‘C/div.)
SO aRBURY —S2REE (20 C/av) ] |

HIIRBIANEREE (0.2 G/div.) \.:M,,.,,.h___ LA
1 BEO— SRR (50 Hz/div.) s
2B O —KHETERERER (50 Hz/div.) !
M7 L —+ U KES (500 kPa/div)}m L
3EEO—KHEE KR (50 Hz/div.) | +
A B0 —2HTEEKEL (50 Hz/div.)
JvFiES (10 V/div.)

N —_—
= ¥ s
you - /
AT ﬁﬁg"}ﬁj\ \;gg\%w_lm ax SO/ SRR UMY S TBRE
] fa

*1 G=9.80665 m/s?

R12. Y—IAZBEDRERLR — SiICA o N\N—FHEOY —IAFIMEE, Sif3—%

Results of thermistor temperature measurements
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Reduction of power consumption using SiC inverter unit
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